Background: factors affecting mortality after hip fracture surgery have been studied extensively. It has been suggested that do-not-resuscitate (DNR) orders are associated with higher mortality in surgical patients due to less aggressive treatment. However, the effect of DNR orders on mortality in hip fracture patients is unknown. The objective of this study was to investigate the effect of DNR orders on early mortality after hip fracture surgery. Methods: all patients undergoing hip fracture surgery between 2004 and 2015 were included in this retrospective study. Patient characteristics such as age, comorbidities and fracture type were collected, as were resuscitation preferences. Multivariable logistic regression analysis was performed to identify independent risk factors for early mortality.
Introduction
Early mortality in hip fracture patients is high, with reported in-hospital death or 30-day mortality of 13.3% [1] . Hip fractures occur mainly in older patients, many of them with significant comorbidities, and constitute a major problem for health care services [1, 2] . Furthermore, the incidence of hip fractures is increasing worldwide, with annual rates estimated to be around 100 per 100,000 people [2] . In this ageing population, do-not-resuscitate (DNR) orders have become more common and now play an inseparable role in the current health care system [3, 4] . DNR orders indicate a patient's wish to withhold cardiopulmonary resuscitation (CPR) in case of a cardiopulmonary arrest and allow caregivers to respect patient autonomy while at the same time providing appropriate care [4, 5] .
There has been growing interest in the effect of DNR orders on mortality [6, 7] . While most factors affecting mortality after hip fracture surgery have been well established, conflicting data exist for the effect of DNR orders as an independent risk factor for mortality [1, 2] . Some studies have reported higher mortality in DNR patients after adjustment for variables such as age and comorbidities; other studies however did not find this effect [8] [9] [10] . Although hip fracture patients are at high risk of early death, research on the effect of DNR orders in this population is limited to one study. Miller et al. found DNR orders to be a significant predictor for complications after hemiarthroplasty for femoral neck fractures but did not report on mortality [11] .
Some concerns exist about the effect of DNR orders on the intensity and aggressiveness of medical therapy outside of an end-of-life scenario [12, 13] . Beach and Morrison found that patients with DNR orders may be withheld a variety of treatments not related to CPR [14] . Furthermore, patients with DNR orders might have a decreased willingness to undergo aggressive treatments, especially when they suffer a major postoperative complication [6] . Both factors could contribute to increased early mortality in hip fracture patients.
The primary aim of this study was to investigate the effect of DNR orders on early mortality after hip fracture surgery. Our secondary aim was to identify differences in case management between DNR and non-DNR patients.
Methods
All consecutive patients who underwent hip fracture surgery between 2004 and 2015 in the OLVG West Hospital were included in this retrospective cohort study. This is a teaching hospital located in Amsterdam, the Netherlands. Surgical treatment was performed in accordance with current guidelines. Patients undergoing periprosthetic fracture repair, total hip replacement, elective surgery as prophylactic treatment of an impending fracture or slipped capital epiphysis repair were excluded from analysis. A contralateral fracture at a different time in the same patient was recorded as a separate case.
Patient characteristics associated with mortality in hip fracture patients such as comorbidities, American Society of Anesthesiologists (ASA) score, admission haemoglobin level and fracture type were extracted from patient files [1, 15, 2] . Separate comorbidities were recorded and individually scored by means of the Charlson Comorbidity Index (CCI) [16] . Additionally, data on surgery, anaesthesia type, time from admission to surgery and length of hospital stay were recorded, as were resuscitation preferences.
Resuscitation preferences were routinely asked at admission from the Emergency Department by the attending doctor, most often a junior Orthopaedic or Surgical doctor in training. Hospitals in the Netherlands require documentation of resuscitation preferences for all admitted patients, including emergency admissions. In cases where pre-existing DNR orders were available, for example documented resuscitation orders from a nursing home, these preferences were adopted. When patients were unable to make these decisions and no pre-existing documentation was available, decision-making involved surrogates and/or those close to the patient, as well as the attending physician.
Resuscitation orders were noted at admission on a separate DNR status sheet in paper files or using the DNR status tab in electronic files (after 2010). In case of DNR orders, patients could furthermore indicate whether they would still want to receive mechanical ventilation or treatment at the intensive care unit if the need would arise. For the purpose of this study, we did not differentiate between these categories of DNR orders. When DNR status was not recorded, the order was assumed to be non-DNR, since patients without explicit DNR orders would receive CPR in case of cardiopulmonary arrest.
In-hospital death and death within 30 days following hip fracture surgery were recorded in the database. Early mortality was defined as overall in-hospital or 30-day mortality. This study and the use of clinical data were approved by the local medical ethical committee. Due to the retrospective nature of the research, individual informed consent was not required.
Statistical analysis
Descriptive statistics were used to outline patient characteristics and demonstrate any differences between DNR and non-DNR patients. Chi-squared testing was used for categorical variables. A two-sample t-test was applied to continuous normal data, whereas the Mann-Whitney U test was used for non-normally distributed data. All P values <0.05 were considered significant. Logistic regression was used to determine risk factors associated with early mortality. Odds ratios with 95% confidence intervals were calculated. Variables with a P value <0.10 on univariate analysis were entered into the multivariable model. When performing stepwise logistic regression, significance level was set at P < 0.05. All statistical analyses were performed using SPSS Statistical software (version 22.0, SPSS Inc., Chicago, IL, USA).
Results
Of the 1,873 patients who underwent hip fracture surgery between 2004 and 2015, 70 (3.7%) were lost to follow-up or excluded due to incomplete files ( Figure 1 ). A total of 1,803 patients were available for analysis, 823 patients (45.6%) had DNR orders and 980 (54.4%) had full resuscitation orders. Patient characteristics and comorbidities for both DNR and non-DNR patients are shown in Table 1 . Patients with DNR orders were older, more likely to be female, have an extracapsular fracture and to live in an institution. Furthermore, DNR patients had higher ASA scores, lower haemoglobin levels at admission and more comorbidities as indicated by the CCI.
Delay to surgery of more than 24 h was more frequent in DNR patients (34.1% versus 28.7%, P = 0.013). The proportion of surgical procedures performed by registrars was similar in the two groups (32.9% versus 33.9%, P = 0.615). 
Early mortality in hip fracture
There was no difference in anaesthesia type or length of stay between DNR and non-DNR patients.
In-hospital mortality occurred in 95 patients (5.3%), and was more frequent in the DNR group (7.2% versus 3.7%, P = 0.001). A total of 137 patients (7.6%) died within 30 days following hip fracture surgery. Similarly, 30-day mortality was higher in DNR patients (11.1% versus 4.7%, P < 0.001). Early mortality (in-hospital death or death within 30 days) occurred in 101 DNR patients (12.3%). This was significantly different from the early mortality in 54 non-DNR patients (5.5%, P < 0.001).
Univariate analysis was undertaken to identify factors associated with early mortality (Table 2) . Older age, male gender, higher ASA score, low haemoglobin level at admission, living in an institution, high CCI, delay to surgery and DNR orders were significantly associated with mortality (P < 0.05). Three factors (fracture type, performing surgeon and anaesthesia type) did not demonstrate significant association with early mortality in univariate analysis and were excluded from multivariable analysis because of P values > 0.10.
Multivariable regression analysis was undertaken using the remaining eight factors ( Table 2 ). All variables except DNR status were found to be independent predictors for early mortality after hip fracture surgery. Older age, male gender, higher ASA score, low haemoglobin level at admission, living in an institution, high CCI and delay to surgery all remained significant in the multivariable analysis. After adjusting for these variables, DNR orders did not demonstrate an independent effect on mortality (P = 0.735).
Discussion
In our study, patients with DNR orders were vastly different when compared with non-DNR patients. DNR patients were older and more often female. Furthermore, they had lower haemoglobin levels, higher ASA scores and more comorbidities. The primary aim of this study was to investigate the effect of DNR orders on early mortality after hip fracture surgery. The unadjusted effect of DNR orders on mortality was high. However, after accounting for variables known to influence mortality, DNR orders did not Step increase in ASA score. c Step increase in CCI.
demonstrate a significant effect, whereas other variables in the multivariable model remained significant predictors. In our population, DNR status was not an independent risk factor for early mortality following hip fracture surgery. The goal of hip fracture surgery is to return patients to their pre-fracture functional levels without suffering longterm impairment or mortality [1] . DNR orders are common in this ageing population, and represent patient autonomy in issues of health care. Therefore, documentation and implementation of resuscitation preferences in hip fracture patients is important [3] . In our hospital, resuscitation preferences were documented at admission for all patients, as is common in the Dutch health care system. While emergency admission may not be an ideal setting for discussing these preferences, early decision-making and documentation is in the patient's best interest. This is especially true in hip fracture patients, who are often old and at increased risk of inhospital mortality [1, 2] . In the perfect health care situation, DNR orders should only affect management in case of a cardiopulmonary arrest without affecting other treatment or diagnostic options. In practice, however, a variety of treatments might be withheld [14] .
The secondary aim of this study was to examine differences in management between DNR and non-DNR patients. We found no evidence of surgeon-driven undertreatment of DNR patients. Although surgery was more often delayed in DNR patients, this can be explained by higher ASA scores and overall comorbidity rates in DNR patients, implying a more frequent need for pre-operative optimisation. Increased surgical delay in DNR patients has been reported before [9] . Except for surgical delay, we did not find any differences in management between DNR and non-DNR patients. Length of hospital stay was similar and no difference in grade of performing surgeon or anaesthesia type was observed. In support of these findings, several studies found no evidence for less aggressive treatment of DNR patients by their surgeons [5, 6] .
Multivariable analysis demonstrated seven independent risk factors for mortality: increased age, male gender, higher ASA score, low admission haemoglobin, living in an institution, high CCI and delay to surgery. Two recent metaanalyses by Hu et al. and Smith et al. on pre-operative factors for mortality following hip fracture surgery found higher age to be a significant indicator for mortality after hip fracture surgery [1, 2] . Furthermore, significant relative risks for male gender, higher ASA score, living in an institution and higher CCI were reported. Hu et al. reported moderate evidence for low haemoglobin levels [1] . Additionally, Praetorius et al. found anaemia at admission to be associated with increased 30-day mortality in these patients [17] . The demonstrated effect of surgical delay on mortality in hip fracture patients is supported by several studies [18, 19] . Moreover, in their meta-analysis, Moja et al. found surgical delay to be associated with a significant increase in mortality [20] .
Several variables were not associated with increased early mortality in our population. Fracture type did not predict mortality, and available evidence on this subject is conflicting. Smith et al. reported higher mortality in intracapsular fractures in two out of four included studies [2] . However, Hu et al. found moderate evidence for extracapsular fractures as a predictor of mortality [1] . Grade of surgeon and type of anaesthesia were not associated with early mortality in this study. Tung et al. studied the effect of general and regional anaesthesia on mortality in hip fracture patients and did not find a significant association [21] . Similarly, Holt et al. did not find an increased risk of 30-day mortality for different types of anaesthesia or grade of surgeon [22] .
We did not find DNR orders to be an independent risk factor for mortality after hip fracture surgery. There was no effect of DNR orders on mortality when adjusting for known confounders such as age, gender and comorbidities. These results are in accordance with earlier findings by Dunlay et al., who reported on DNR orders and their association with mortality in 608 patients with heart failure [10] . Although DNR patients demonstrated higher mortality rates, DNR status was no independent risk factor for mortality. Similar to our results, higher mortality was explained by other patient variables such as comorbidity and poor health status.
A study by Hemphill et al. of 8,233 patients with intracerebral haemorrhage in 234 different hospitals reported an increased rate of mortality in patients with DNR orders [12] . This increased mortality was however not only defined by DNR status but by differences in management between hospitals, and likely reflective of overall aggressiveness of care.
Several studies have reported DNR orders to be an independent predictor for mortality. Kazaure et al. compared 4,128 DNR patients with an age-matched and procedure-matched group of non-DNR patients using the American College of Surgeons National Surgical Quality Improvement Program database (ACS-NSQIP) [8] . After adjustment for risk factors, DNR status remained an independent predictor for 30-day mortality. However, this heterogeneous group consisted only for 4.1% of orthopaedic surgery patients. Furthermore, in patients undergoing femur fracture repair no significant difference in mortality rate between DNR and non-DNR was observed.
In patients with DNR orders who underwent emergency surgical treatment for bowel obstruction, Speicher et al. found significantly higher postoperative mortality rates compared with a matched non-DNR group after adjusting for comorbidities and overall complication rate [9] . Siracuse et al. also used the ACS-NSQIP database to examine the effect of DNR status on the outcome of major vascular surgery [23] . A DNR order was an independent predictor of mortality, even after adjusting for comorbidities and perioperative complications. Overall, DNR patients were older, had more comorbidities and a poorer functional status, in accordance with our findings.
There are some limitations to our study. First, this is a retrospective study with the associated limitations. We extracted data from paper and electronic patient files, but did not record complications, which is possibly associated with DNR status [8, 11] . Second, we did not divide different types of DNR preferences into smaller separate groups, but rather examined DNR versus non-DNR patients. It is possible that patients with more advanced DNR orders would be at greater risk of death. Such further classification however would lead to smaller groups and could negate any effect in multivariable analysis. The strengths of our study include its large sample size, homogenous continuous cohort and data collection on possible confounders such as comorbidities. In contrast to extracting a heterogeneous group from a national patient database, we included consecutive hip fracture patients and could collect all necessary data to correct for possible confounders.
Resuscitation preferences are an important part of clinical decision-making and patient autonomy. While some studies have found DNR status to be independently associated with increased mortality, conflicting evidence has been published as well. To our knowledge, this is the first surgical study where DNR orders are not independently associated with mortality. Studies reporting DNR orders as a risk factor often consisted of matched heterogeneous groups, in which many different factors influence mortality. Adjusting for all these factors might have been problematic and could have lead to a perceived effect of DNR status in multivariable analysis, since it would have been impossible to correct for all confounders. Our study reports on a homogenous patient group for which factors associated with mortality are well established. When correcting for these variables, DNR status ceased to be a significant predictor for mortality, indicating that DNR orders are likely to be a reflection of the patient's health status rather than an independent factor for early mortality after hip fracture surgery.
Key points
• Hip fracture patients with DNR orders have higher mortality rates due to differences in health status.
• DNR orders are not independently associated with early mortality following hip fracture surgery.
• There is no evidence for surgeon-driven undertreatment of DNR patients in our population.
